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Abstract

The effect of acid rain on root systems has
not been adequately studied. This study exam-
ined the effect of simulated acid rain on the
root systems of a common tropical vine.
Cuttings (10 cm) of Scindapsus aureus were
grown for 7 weeks without soil in deionized
water in which the pH was adjusted with sulfu-
ric acid to 2.25, 3.26, 4.4, 5.5, and 6.5 (no acid
added). Tap water (pH=8.1) was also exam-
ined. Root number and total root length were
measured at baseline and after 7 weeks. Stock
water at the initial pH was used to maintain
the water level weekly. There were no differ-
ences in either root number or root length in
any of plants in pH 4.4 or greater. Plants at the
two lowest pH settings did not produce signifi-
cant roots. Healthy plants (pH≥4.4) acidified
the water’s pH in which they were growing to
4.4-5.4. The pH of plants in more acidic pH
remained unchanged. Some roots prefer a
more acidic pH. If this is characteristic is wide-
spread, the effect of acid rain on plant root sys-
tems may be less severe than anticipated.

Introduction

Acid rain is the decrease in pH of rain water
resulting from human activity. It results from
the burning of fossil fuels, releasing NOx and
SOx.1 When these pollutants dissolve in rain
water they form nitric acid and sulfuric acid.
Atmospheric SO2 has increased 20 fold globally
since the 1800s.2

Simulated acid rain with pH<3.0 has been
shown to have deleterious effects on germina-
tion and growth of various plant species.3-5

Roots can be affected, generally with reduced
root growth at very low pH (<3).5,6 In these
experiments, plants are either grown in soil,5

or are germinated from seed.6 The effect of
simulated acid rain on plant cuttings has not
been previously studied. 
In the current study we chose to examine

the effect of a component of acid rain, sulfuric
acid, on plant cuttings. We did this so that we

could directly examine root growth, which we
could do without disturbing the plant.
Additionally, cuttings are an injured plant, and
since injuries are common in nature, this
allowed us to examine the effect of acid rain on
root growth of an injured plant. Both of these
have not been previously done. 

Materials and Methods

Four experimental pHs (2.25, 3.26, 4.4, and
5.5), and two control pHs (6.5 no acid added to
deionized water and 8.1 local tap water) were
examined. To reduce the number of variables
introduced in this experiment, only sulfuric
acid was used to simulate acid rain, rather
than a combination of both sulfuric acid and
nitric acid. Sulfuric acid was added to deion-
ized water to create stock pH-adjusted water
which was made in one initial batch, and was
used to water the plants for the duration of the
experiment. Stock water, a large amount of
water adjusted to the desired pH, was used to
top-off the plants’ water source, so that the pH
would not change over time due to evaporation
or dilution with addition of deionized water.
Deionized water was used in the experiments
because rain is essentially made of distilled
water; many chemicals are added to tap water
that are not found in rain and can react with
sulfuric acid. However, we utilized a tap water
control because deionized water also deprives
cuttings of needed minerals, and we were con-
cerned that the mineral deficiency would
adversely effect the experiment.
Cuttings of the money plant, Scindapsus

aureus, were utilized. This plant was used
because it does well when cut. Healthy mature
plants were the source of 10 cm cuttings.
Cuttings were placed in 15 cc plastic tubes in
each of the experimental pH solutions. All
experiments were performed in triplicate.
The total number of new roots (both primary

and secondary), and the total length of the root
system was recorded weekly for 7 weeks, but
the primary outcome measure was the final
measures. Student t-test was used to compare
all the results at week 7.

Results

Nearly all cuttings in pHs≥4.4 sprouted roots
(with the exception of one cutting in pH 6.5).
The number (Figure 1A) and cumulative length
(Figure 1B) of these roots was not significantly
different in any of the pHs≥4.4. No roots sprout-
ed in the most acidic solution (pH=2.25), and an
average of only 2 roots/plant sprouted in those
growing in pH=3.26 (Figure 1A). There was no
significant growth of the stem or the leaves of

any of the plants. Plants growing at less acidic
pHs acidified their growing water to a range of
4.4-5.4 (Table 1). Plants in the two most acidic
pHs did not alter their waters’ pH (Table 1). In
one cutting at pH of 6.5 in which no roots
sprouted, the water remained at a pH of 6.5. 

Discussion and Conclusions

S. aureus cuttings exposed to simulated acid
rain in the pH range of 4.4-8.1 showed no dif-
ferences in root germination and growth
(Figure 1). There were no significant stem or
leaf growth in any of the plants in this brief
study. Cuttings exposed to pH≤3.26 did poorly
with no or minimal root growth and deteriora-
tion of the existing leaf growth. While this
study utilized a tropical vine, other investiga-
tors have noted that plants generally do well
when exposed to simulated acid rain pH≥4.3-5

Corn (Zea mays) or Eucalyptus seedlings expe-
rience a promotion of root growth at pH of 4.5
compared to 6.5.7,8 These data may be relevant
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to the study of acid rain since the average pH
of acid rain in the eastern United States in
2007 is approximately 4.4.9 This rain water pH
is an improvement that is due to reduction of
SOx emissions,1 but the problem continues.
While the current study, and several others,3-5,7,8

suggests that the roots of many flowering
plants may be able to tolerate the current level
of acid rain, acid rain has been shown to be
quite destructive, particularly to aquatic envi-
ronments.1,10

S. aureus cuttings may actually prefer mildly
acidic environments. Plants placed in less
acidic, or basic environments, acidified their
water environment to approximately pH of 5
(Table 1). This appeared to be an active
process of the roots, since the one cutting at
6.5 that did not germinate roots, did not alter
final pH. Roots of plants are known to secrete
hydrogen ions,11,12 and this is sufficient to dis-
solve calcium carbonate in limestone rocks.13

Simulated acid rain has been shown to inhibit
proton extrusion by roots.14 There are several
physiological constraints that promote proton
extrusion, but nutrient deficiency is most rele-
vant to current design.13

Environmental iron and phosphate deficien-
cy induce acid secretion by plant roots.13 Most
of the cuttings in the current study were placed
in deionized water – a nutrient poor environ-
ment. 
The current study has several shortcomings.

The most important of which is the use of S.
aureus. This tropical vine has advantages for
laboratory study, but is not reflective of North
American flora. Consequently, generalization
of the findings is somewhat limited. However,
other researchers have reported similar find-
ings with different flowering plants,3-6 suggest-
ing the pH sensitivity and preference
described herein may be a common character-
istic of many plants. Additionally, the current
study used cuttings placed in water. This
design allows for ease of investigation of roots,
but is not reflective of plants growing in soil.

We also did not investigate how the plants
acidified their growing water when the pH was
>5. We are unable to comment as to the mech-
anism by which this happened. Finally, the
simulated acid rain was created with sulfuric
acid, but now much of the acid rain is generat-
ed from nitric acid.15

Despite these shortcomings, the current
study indicates that the root system of S.
aureus thrives in moderate pH environments,
including those that simulate current levels of
acid rain in the eastern United States (pH 4.4-
8.1). However, more acidic environments, as
might occur in a highly polluted areas (pH 2.3-
3.3), inhibit root germination and growth. S.
aureus, like many other plants, acidify their
root environment.
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Table 1. The pH of the water used to treat
S. aureus cuttings. The original pH is the
pH of the water added to the plant vessel,
the ending pH is the pH of the water in
which the plant grew.

Original pH Ending pH

2.25 2.3
3.26 3.3
4.4 4.4
5.5 5.4
6.5 4.4
8.1 4.6

Figure 1. A) The average number of roots sprouted by cuttings of S. aureus cuttings as a
function of the pH of the water after 7 weeks. B) The average cumulative root length of
S. aureus cuttings as a function of the pH of the water after 7 weeks. *P<0.05 versus all
other pH except 2.25 and 3.26.
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